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ABSTRACT 
Objective: This present investigation was designed to correlate the Hydrogen-ion concentration of vaginal fluid with glycogen content and serum 
estrogen level during different phases of mice reproductive cycle. These parameters were compared with the control and treated animals to set off 
this factor in the field of reproductive toxicological studies. 
Methods: Female Swiss Albino mice [6-8 w] with regular estrous cyclicity were separated out into two groups as control [only HPMC] and treated [lapatinib 
in HPMC] animals. The treatment was carried out consecutively for 21 d via oral gavage at a dose of 20 mg/kg/d. Estrous cycle, pH and glycogen content of 
vaginal fluid was monitored on daily basis. At the end of the experiment period, serum estrogen level was quantified by ELISA method. 
Results: Significant changes were observed in diestrus index, estrogen, and glycogen content with respect to their reproductive phases. In 
particular, the higher variations, seen within and between groups in estrous phase, suggest the maximum inhibitory potential exhibited by the drug 
used, was due to the elevated expression of its receptors [EGFR] at the time of oocyte maturation and ovulation.  
Conclusion: Even, a change by one pH unit may illustrate the difference between healthy and heavily infected vaginal flora. Although, the pH value 
of vaginal secretions is not routinely used and compared with other parameters in the toxicological studies. This present study has become the 
trend set for considering pH as a valuable tool in in vivo studies. 
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The vaginal tissue has been greatly used for demonstrating the 
estrus cycle of mice, rat, and even bovine species. This tissue is 
tubular in structure with an outer layer of loose connective tissue, a 
middle, smooth muscle, and an inner mucosal layer. In proestrus 
stage of mice/rat, all the four layers of the vaginal epithelium: the 
outermost is the stratum mucification [SM], followed by stratum 
corneum [SC], stratum granulosum [SG], and stratum germinativum 
[SGerm] are perceptible [1]. Each layer of cells was shed during 
every phase of mice estrus cycle. The most characteristic and 
consistent morphological alterations of vaginal tissue with respect 
to estrus cycle was determined using vaginal cytology [2]. Vaginal 
smears have repeatedly been taken by many ways without 
sacrificing the animal. Thus, many published literature adapt this 
technique. 
Relatively, only limited number of studies on the pH values of 
vaginal environment and its secretions in rodent species exist. 
Variations in the pH value of certain tissue environment or body 
fluids may influence the physiological and/or pathological functions 
[3]. During the menstrual cycle, the vaginal pH varies across pre-
ovulatory [follicular phase], ovulatory, and post-ovulatory period 
[luteal phase]. Endocrine functions such as the involvement of 
hormones affect the sexual cycle and vaginal pH of an organism 
undoubtedly [4]. Therefore, several vaginal parameters and its 
biological roles are still in evident. 
Potential of hydrogen ion [pH] was measured by various methods 
such as usage of electrodes, pH indicator strips, and chemical 
indicators. Commercial ready-to-use pH indicator rolls or solutions 
are available with standard color-coded pH key. Chemical indicators 
like phenol red, methyl orange, cresol red, thymol blue, 
phenolphthalein, etc., have been in the market for years. In 
particular, phenol red is extensively used in cell culture medium. In 
2000, scientists from Uganda, come up with a ‘swab technique’ for 
assessing the vaginal pH in a woman using a four-inch pH strip 
attached to a pediatric depressor to give observable color change in 
the acidic environment [5]. 
The optimum condition, existing in the vaginal environment, has 
been altered due to external and/or internal factors. Vulvovaginitis 
is a classic example that occurs during or after chemotherapeutic 
treatment showing a symptom of loss of ovarian function, which 
leads to a decrease in vaginal epithelium glycogen content and an 
increase in the vaginal pH [6]. Hence, the present investigation was 
aimed to establish a relationship between the three parameters 
[vaginal pH, glycogen content, and serum estrogen] across different 
phases of estrus cycle and to compare these multi-factorials with 
that of lapatinib-treated animals. 
To unresolve these objectives, lapatinib ditosylate [>99% purity] 
was purchased from Abmole Bioscience Inc. [Houston, USA] and 
stored at-20 °C until use. Female Swiss albino mice exhibited 4–5 d 
estrus cycle was segregated into two groups and designated one as 
vehicle control (group 1) and the other as treatment group (group 
2). Group 1 mice received only HMPC in tween 80, whereas group 2 
mice were orally gavaged with lapatinib [prepared in 0.5% HPMC in 
0.1% tween80] at a dose of 20 mg/kg/d for 21 consecutive days. All 
procedures performed were in accordance with the Institutional 
Animal Ethical Committee [IAEC] approval 
[BDU/IAEC/2015/NE/30/Dt. 17.03.2015]. Vaginal cells were 
collected twice a day in 10 µl of 0.05 M phosphate buffer for the 
determination of diestrus index from day 0 to 21 [7]. 
The mouse vaginal pH was determined by adopting two methods: 
one with pH indicator strips at a range of 6.5–10 & 4–7 [Merck, 
Darmstadt, Germany] and the other by using 25 µM aqueous 
solutions of phenol red dye. Briefly, the pH strip was cut into small 
pieces with reduced diameter that was inserted into the mice vagina 
[8]. The latter method involved rinsing the mouse vagina internally 
with 10 µl of phenol red solution and the chromo solution thus 
obtained was spotted in a petri dish. The remnant phenol red in the 
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vaginal orifice was immediately swiped off with tissue paper. This 
procedure was carried out throughout the study period in both the 
experimental groups. Confounding spots, obtained from the 
previous phenol red experiment, was confirmed by analyzing the 
maximal spectral absorbance [λ max] using UV-visible 
spectrophotometer [Synergy HT multimode reader, BioTek 
Instruments, Inc., Winooski, Vermont, USA]. The maximum 
absorbance spectrum of phenol red flushed into the mice vagina was 
analyzed at a wavelength ranged from 400 to 700 nm. The resultant 
peak and the absorbance per sample were correlated with the control 
graphs for determining the acidic/basic nature of the vaginal sample. 
Glycogen content of vaginal flushing was measured by adopting the 
previous method [9] using 96-well microtitre plate. The final 
reddish-yellow colored complex was measured at 460 nm, which 
was extrapolated using the standard curve equation and was 
expressed in µg of glycogen/swab. At the end of the experiment, 
serum estrogen level was quantified using a competitive 
Pathozyme® oestradiol EIA kit [Omega Diagnostics Ltd., Scotland, 
United Kingdom]. All quantitative data were expressed in mean±SD 
and a P value<0.05 was considered to be significant. Correlation of 
estrogen with pH values, glycogen with pH values and estrogen with 
glycogen levels were statistically measured by Pearson’s R value.  
Vaginal tissue and its secretion have a significant contribution to 
successful fertilization to occur. There exists a prominent 
association between vaginal pH and reproductive lifecycle of 
humans [10]. Several other biochemical parameters in that 
microenvironment and the tissue itself have been prone to many 
exogenous chemicals. Chemotherapy given to younger age group 
women are highly vulnerable to those changes that happen in their 
reproductive tract. To emphasise this issue, mice fed with lapatinib, 
an oral drug prescribed for metastatic breast cancer, was considered 
as the treatment group. Unlike the human menstrual cycle, rodent’s 
estrus cycle is primarily comprised of proestrus, estrus, and diestrus 
characterized by the presence of nucleated epithelial cells [fig. 1A], 
cornified cells [fig. 1B], and polymorphonuclear cells [PMCs; fig. 1D] 
respectively [8]. Metestrus is considered as the transition period 
between estrus and diestrus phases. Hence, this phase has all the 
three cell types in the vaginal smear [fig. 1C]. 
 
 
Fig. 1: Physiological and cytological characterization of different phases of mouse estrus cycle 
 
The time of estrus phase in the murine reproductive cycle has been 
easily identified by the appearance of the vaginal orifice as it is the 
external sign for pubertal onset. This postnatal apoptotic tissue 
remodeling at the distal end of vaginal cavity occurs at regular 
intervals of estrus phase, which indicates the animal’s receptive 
period to male [11]. In addition, the vagina orifice swells appeared 
pinkish in color and found to be opened at the time of estrus [fig. 1E] 
but not at all other stages [fig. 1F].  
Mice exhibiting prolonged PMCs or cornification of cells in vaginal 
smears was classified as anestrus [12] which was evidenced with the 
diestrus index of 61 in the group 2; whereas, it was 48.38 in group 1 
animals. This was followed by the onset of acyclicity of estrous cycle 
in treated animals with extended overall duration of the cycle. 
Any such alterations observed in estrus cycle reflect the change in 
the functional integrity of the hypothalamic–pituitary–gonadal axis 
[13]. The results depicted in table 1 indicates that the magnitude of 
estrogen in mice serum varied in the order of estrus> 
proestrus>diestrus. The maximal concentrations of this steroid 
hormone in individual animals varied between 51.50±0.71 and 
44.98±0.99 pg/ml. A significant change [p<0.05] was observed in 
estrus phase of mice between control and treated groups. But, such 
significant difference was not seen in either of the two phases.
 
Table 1: Comparison of biochemical parameters of mice vaginal micro-environment 
Estrous cycle pH Estrogen [pg/ml] Glycogen [µg/swab] 
Control Treated Control Treated Control Treated 
Proestrus 5.57±0.16 5.64±0.20 40.85±0.95 37.17±0.71 4.48±0.34 3.90±0.80 
Estrus 4.53±0.12 4.70±0.14 51.50±0.71* 44.98±0.99** 12.40±0.70* 8.55±0.15** 
Diestrus 7.52±0.16 7.39±0.21 18.00±0.36 18.35±0.07 2.71±0.25 3.39±0.49 
Where, * denotes significant difference between phases of estrous cycle and ** denotes P<0.05 between the two groups. 
 
Steroidal hormone fluctuations are having an indirect effect on 
vaginal pH in mammalian species [14, 15] because it creates an 
optimum room for the growth of various microorganisms [16]. In 
this present study, vaginal pH was well correlated with the different 
phases of estrous cycle [fig. 3]. The overall pH range in vaginal 
microenvironment across the mice estrous cycle was between 
5.57±0.15 and 7.50±0.10. Accordingly, the pH of vaginal secretions 
varied with the reproductive phases of mice. In control mice, the 
values were 5.57±0.16, 4.53±0.12 and 7.52±0.16 for proestrus, 
estrus and diestrus respectively. The acidic pH of mice vaginal fluid 
as denoted in fig. 2[E] was also reported in 2013 [17], which further 
strengthen the present finding. In women, this acidic environment [ ≤ 
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5] was validated by the anaerobic degradation of sugars by 
lactobacilli that results in the lactic acid production [18]. Very few 
articles reported that the vaginal pH of female mice varied between 
6.5 and 8.0 [8] irrespective of their phases. 
 
 
Fig. 2: Identification of each phases of estrous cycle using 
phenol red dye 
 
No significant changes in the vaginal pH were observed between 
control and treated animals throughout the three phases of the 
estrous cycle. Even though, on the 12th d, prolonged diestrus phase 
in treated group animals was evidenced with the vaginal pH as 
compared with the control mice [fig. 3]. Results obtained using 
phenol red solution was confirmed by the pH indicator strips. 
Furthermore, the absorption maximum [λmax] at 440 nm and 560 nm 
was validated as acidic and basic pH by comparing it with known pH 
spectrums. Phenol red used in this protocol has found to be less 
estrogenic in nature [19] and was used for assessing the normal 
renal function in humans [20]. 
 
 
Fig. 3: Comparative illustration of mouse vaginal pH throughout 
estrous cycle 
 
As mentioned earlier, the types of organisms that are colonizing the 
vaginal flora fully depends on two factors: pH and the availability of 
glucose. Glycogen, synthesized by the epithelial cells under the 
influence of estrogen, is crucial for the establishment of pH at the 
respective phases of the reproductive cycle. To view in detail, table 1 
clearly depicts the glycogen concentration in the vaginal flushing of 
control and treated animals. In animals exhibited normal estrous 
cycles, glycogen in vaginal secretions differ significantly [P<0.001] 
between the ovulatory and preparative stages. During estrus period, 
group 2 animals had decreased glycogen content [8.55±0.15] 
compared to that of control mice [12.40±0.70]. At the end of 21st d, 
the vaginal glycogen was significantly less [P<0.01] in group 2 mice 
than the animals showed a regular estrous cycle.  
 
Fig. 4: Correlation analysis of vaginal H-ion concentration, 
glycogen, and serum estrogen level 
 
Differences in the individual parameters were not observable, every 
so often, in control as well as treated animals. In the present study, a 
correlative analysis between the parameters was calculated to 
elucidate the variations among different groups. Fig. 4 represents 
the overall relationship existed between these three factors in a 
control group of animals. There was a significant positive 
relationship found between the concentration of estrogen and 
glycogen; r [df=3] = 0.99, P<0.05, whereas. it was negative in the 
case of pH with estrogen [r=-0.996], and pH with glycogen [r=-
0.865]. Unlike in humans, the amount of glycogen synthesized and 
glycogen-synthesizing enzymes are directly proportional to the 
release of estrogen in rat [21] and hamster [22]. There are few 
studies, which concluded that the amount of glycogen-containing 
cells [glycogen-index] has been applied for evaluating the signs of 
estrogenic activity [23, 24]. This kind of correlation was disrupted in 
animals treated with lapatinib. It clearly indicated that these 
parameters may occupy a prime position in the field of toxicology 
especially in studying the vaginal tissue. 
ACKNOWLEDGMENT 
We are grateful to the following funding agencies; UGC- Major 
Research Project and SAP-DRS-II, and DST- FIST II and SERB-EMEQ 
for providing financial support and instrumental facilities. 
CONFLICTS OF INTERESTS 
All authors have none to declare 
REFERENCES 
1. Westwood FR. The female rat reproductive cycle: a practical 
histological guide to staging. Toxicol Pathol 2008;36:375-84. 
2. McLean AC, Valenzuela N, Fai S, Bennett SAL. Performing 
vaginal lavage, crystal violet staining, and vaginal 
cytological evaluation for mouse estrous cycle staging 
identification. J Vis Exp 2012;67:e4389. Doi:10.3791/4389. 
[Article in Press]. 
3. Tsujikawa H, Yu AS, Xie J, Yue Z, Yang W, He Y, et al. 
Identification of key amino acid residues responsible for 
internal and external pH sensitivity of Orai1/STIM1 channels. 
Sci Rep 2015;5:16747.  
4. Gorodeski GI, Hopfer U, Liu CC, E Margles. Estrogen acidifies 
vaginal pH by up-regulation of proton secretion via the apical 
membrane of vaginal-ectocervical epithelial cells. 
Endocrinology 2005;146:816–24. 
5. Willyard C. pH paper trumps expensive kits in measuring 
acidity. Nat Med 2007;13:1128-9. 
6. Hunt KK, Robb GL, Strom EA, Ueno NT. [Eds.] Breast cancer. 2nd 
ed. New York: Springer Science and Business Media; 2013. p. 384. 
7. Baligar PN, Kaliwal BB. Reproductive toxicity of carbofuran to 
the female mice: effects on estrous cycle and follicles. Industrial 
Health 2002;40:345–52. 
8. Balaci IM, Pàll E, Groza S. The influence of vaginal pH in mice 
over the sex of the offspring. Cluj Vet J 2009;162:41-5. 
9. Krisma CR. A method for the calorimetric estimation of 
glycogen with iodine. Anal Biochem 1962;4:17-23. 
Kadalmani et al. 
Int J Pharm Pharm Sci, Vol 8, Issue 5, 404-407 
 
407 
10. Redondo-Lopez V, Cook RL, Sobel JD. The emerging role of 
lactobacilli in the control and maintenance of the vaginal 
bacterial microflora. Rev Infect Dis 1990;12:856–72. 
11. Ito T, Bai T, Tanaka T, Yoshida K, Ueyama T, Miyajima M, et al. 
Semaphorin 4D induces vaginal epithelial cell apoptosis to 
control mouse postnatal vaginal tissue remodeling. Mol Med 
Rep 2015;11:829-36. 
12. Whitten WK. Occurrence of anoestrus in mice caged in groups. J 
Endocrinol 1959;18:102–7. 
13. Hiremath MB, Kaliwal BB. Effect of endosulfan on ovarian 
compensatory hypertrophy in hemicastrated albino mice. 
Reprod Toxicol 2002;16:783–90. 
14. Schulz A. Evaluation of minimally-invasive methods to observe 
the cycle of the bitch in heat. Dissertation, Berlin; 2002. 
15. Brabin L, Roberts SA, Fairbrother E, Mandal D, Higgins SP, 
Chandiok S, et al. Factors affecting vaginal pH levels among 
female adolescents attending genitourinary medicine clinics. 
Sex Transm Infect 2005;81:483–7. 
16. Ehlers J. Standardisierung und reproduzierbarkeit der 
vaginalzytologie bei der hundin und ihr einsatz bei der 
bestimmung des optimalen belegungszeitraumers. 
Dissertation, Munchen; 2000. 
17. Beilly JS, Kosch FC. Hydrogen ion concentration changes in the 
vaginal fluid of the rat during an estrous cycle. Endocrinology 
2013;25:275-7. 
18. Neill J. Knobil and Neill´s physiology of reproduction. 3rd ed. 
Cambridge: Academic Press; 2005. p. 117. 
19. Berthois Y, Katzenellenbogen JA, Katzenellenbogen BS. Phenol 
red in tissue culture media is a weak estrogen: Implications 
concerning the study of estrogen-responsive cells in culture. 
Proc Natl Acad Sci USA 1986;83:2496-500. 
20. Gault MH, Koch B, Dossetor JB. Phenolsulfonphthalein [PSP] in 
assessment of renal function. JAMA 1967;200:871-3. 
21. Renn TR, Bitman J, Wood JR. Influence of local estrogen 
administration on vaginal glycogen. Endocrinology 
1968;82:62-8. 
22. Gregoire AT, Kandil 0, Ledger WJ. The glycogen content of 
human vaginal epithelial tissue. Fertil Steril 1971;22:64-8. 
23. Mack HC, Ale T. Appraisal of estrogenic activity by the vaginal 
glycogen index; a comparison of oral and parenteral estrone. 
Clin Endocrinol 1942;2:361-4. 
24. Mack HC. The glycogen index in the menopause. 
Am J Obstet Gynecol 1943;45:402-18. 
 
